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Summary

Background: Adolescence is a highly vulnerable age for experimenting with drugs; increasing evidence attests that
several substances might have detrimental effects on cognitive functioning in this developmental phase, when prefrontal
brain areas are still immature and may actually be the main target of the neurotoxic effects of drugs. There are still, in any
case, too few studies that specifically address early adulthood. Aim: The present study aims to investigate neuropsycho-
logical performance in young drug addicts in residential treatment (aged 18-24). Methods: 41 young drug addicts, after
admission to residential treatment, were compared with 27 subjects in the control group. A battery of neuropsychological
tests (Brief Neuropsychological Exam-2) was administered to detect possible cognitive impairments. Descriptive and
non-parametric statistics (Pearson’s chi square test) were performed. Results and conclusions: Findings suggest that
drug dependence in youth is distinguished by neuropsychological deficits, in particular, attention and executive function

impairments — issues that now call for tailored and innovative treatment approaches.

Key Words: Emerging adulthood; drug addiction; neuropsychological functioning

1. Introduction

It is widely acknowledged that drug abuse has
a neurotoxic effect on several brain circuitries that
leads to structural and functional changes, mainly
in the dopaminergic mesolimbic system of reward,
but that also causes a cascade of neuroadaptations
[52]. Consistent empirical evidence establishes that
the structural and functional changes consequent on
prolonged substance abuse mediate severe neuropsy-
chological deficits; this has been attested even in
adolescence and youth [11, 31], since important neu-
romaturation processes take place during the develop-
mental period and continue until emerging adulthood
[13, 23, 24], making the adolescent brain particularly
vulnerable to disruptive factors.

The exposure to neurotoxins that is introduced
through the use of alcohol and drugs exerts an ad-

verse influence on the structural and functional de-
velopment of the brain, especially at the expense of
the corpus callosum, hippocampal and prefrontal
cortex regions [62], so leading to neuropsychological
impairments that primarily affect memory, attention
and executive functions, often exerting a long-term
influence [58]. It is, in any case, important to men-
tion the need for caution in interpreting these results:
the causal and temporal relationships between prior
risk factors, substance abuse, and cognitive deficits
still have to be determined, whereas it can be assumed
that neuropsychological impairments pre-exist, exac-
erbate, and/or follow substance use [62].

Alcohol Use Disorders (AUDs) in adolescence
and emerging adulthood are associated with deficits
in several cognitive domains, and predict an increase
in impulsive behaviour [35]. Impairments have been
demonstrated for verbal and non-verbal memory [9],
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attention [57], processing speed [38], visuospatial
abilities [27], executive functions [22], and language
skills [45].

With regards to the neuropsychological conse-
quences of cannabis use, it has been posited that the
domains of psychomotor speed, attention [34, 59],
memory [5, 59], cognitive inhibition [34], verbal
learning, spatial working memory [28], and executive
functions [25, 51, 54] are all affected.

Cocaine-abusing adolescents have shown im-
pairments in executive control, attention, cognitive ab-
straction processes, visuospatial skills, psychomotor
speed, and short-term memory [4, 10, 30, 55, 63].

Apart from the above substances, nowadays,
ketamine (N-methyl-D-aspartic acid; NMDA), one of
the most common NMDA receptor antagonists, is a
mainstream club drug. Both a large-scale study [43]
and longitudinal research [44] conducted on young
adults have demonstrated cognitive impairments in
high-frequency users, at the expense of memory and
planning functions, and they have also detected an as-
sociation between the trend of ketamine use over time
and a worsening of neuropsychological performance.
Moreover, the use of MDMA during the teens and
young adulthood leads to diminished performance
over time in coping with complex, divided, and se-
lected attention and memory tasks, so causing signifi-
cantly prolonged reaction times [29]. In responding to
a battery of neuropsychological tests, young users of
MDMA and cannabis display cognitive impairments
in performing a number of cognitive tasks (memory,
learning, speed of processing) [14].

Several studies have focused on opioids and
heroin. According to Davis et al. [15], 60% of opi-
ate users show neuropsychological impairments, even
though it is not clear if the deficits found are focal
or diffused. It is primarily memory and the spectrum
of executive functions that appear to be impaired
[61, 60], involving deficits in impulse control, plan-
ning, problem solving, and implying a characteristic
perseverative behaviour pattern [17, 18, 36, 46, 49].
Prefrontal cortex and limbic abnormalities have been
detected in this population [17, 33, 50]. Many stud-
ies on opioid dependence have also investigated defi-
cits in decision-making abilities, a cognitive domain
that combines executive and emotional components,
indicating an impaired performance in opioid users,
in terms of risky decisions that have negative long-
term consequences [7, 17, 20, 61]. As it is, the studies
available so far have almost exclusively addressed the
performance of adults, so that further evidence spe-
cifically addressed to adolescent and emerging adult-

-6-

hood is needed.

Other studies have addressed polydrug use.
Adolescents who abuse multiple drugs show impair-
ments in executive control, attention, abstract reason-
ing, visuospatial capabilities, psychomotor speed,
and short-term memory performance [58]. Adoles-
cent polyusers of alcohol and marijuana performed
significantly worse than controls on cognitive tests
regarding intellectual capacity, perceptual speed, lan-
guage and attention [57].

The existing literature mainly focuses on adoles-
cence or full adulthood, while it is limited on emerg-
ing adulthood. Moreover, there are still too few studies
on groups of individuals whose SUD rises to a level
of severity that requires inpatient treatment, and this
is particularly true of the Italian context. The purpose
of the present preliminary study was to investigate the
neuropsychological profile of young, drug-dependent
inpatients who started abusing drugs in adolescence,
in order to determine if they might be suffering from
cognitive impairments.

2. Methods
2.2. Sample

The present research initially involved 68 people
emerging into adulthood, aged 18-24, divided into a
clinical group and a comparison group. The collection
of clinical data occurred as part of a broader research
project (Psychological Assessment & Treatment With
Addicted Youth [P.A.T.W.A.Y.]).

The clinical group was recruited in the years
2013-2015 in a residential Therapeutic Community
for Substance Use Disorders named “Villa Renata,
Comunita di Venezia,” located in Venice, Italy. The
following inclusion criteria were adopted: a) meet-
ing DSM-IV-TR [1] criteria for Substance Use Dis-
order; b) being referred to, and then admitted to
the residential treatment community for less than
3 months; c) age ranging from 18 to 24 years. The
administration of the assessment tools occurred ap-
proximately 2 months after their admission (M=1.4
months). 41 young inpatients took part in the study.
As regards participants’ past history of drug use, as a
general rule they first experimented with drugs (of-
ten, but not exclusively, with alcohol and marijuana)
in early adolescence (on average at 14 years), while
the onset of cocaine and heroin use occurred on aver-
age at 16 years (+ 1.9). Most of them were polydrug
users (80.5%), using various synthetic drugs (78%),
but they indicated heroin as their primary substance
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of abuse in 75.6% of cases. In addition, the use of
non-prescribed drugs is quite common, with 51.2%
of these subjects having used methadone procured il-
legally. At the time of recruitment, participants had
been abstinent from drugs for 3 months on average, as
verified by urine tests. 46.6% overdosed from one to
three times in the past and 24.4% had been diagnosed
with hepatitis C. None of them presented other rele-
vant medical conditions, or any other full-blown psy-
chiatric disorders apart from SUD. In relation to treat-
ment, the participants’ first contact with outpatient
services for SUDs occurred on average at 18 years
(£ 2.3), that is, about two years after initiating the use
of hard drugs such as heroin and cocaine. 41.5% of
them had previously attended an inpatient treatment
but had not concluded it. Pharmacotherapy (mainly
benzodiazepines, SSRI, neuroleptics) was prescribed
for most of them (84.2%).

The comparison group included 27 young peo-
ple, who had been contacted as students of evening
or day high schools. The main selection criteria used
in the collection of these data were a) the absence of
SUDs diagnosis and current drug use; b) age in the
18-24 range; c) low educational level; d) gender, in
order to collect a comparison group as closely compa-
rable as possible with the clinical one. These criteria
were established primarily according to indications
provided for the assessment of neuropsychological
functioning, whose normative range depends on age
and years of education.

2.3. Instruments

The collection of sociodemographic and drug
history data was performed by applying an ad hoc
interview format that conforms to the standard pro-
tocol adopted by the Therapeutic Community for all
patients at admission. When necessary, data were in-
tegrated and/or confirmed by information reported in
records provided by the outpatient mental health ser-
vices that referred the patient to the facility.

A neuropsychological assessment protocol was
administered individually to each participant; it usu-
ally took about an hour and a half.

Esame Neuropsicologico Breve-2 [Literal trans-
lation: Brief Neuropsychological Examination-2]
(ENB-2; [41]), which is a comprehensive neuropsy-
chological battery standardized for the Italian popu-
lation. It includes 16 subtests (Digit span, Immediate
and delayed recall prose memory, Interference mem-
ory at 10 and 30 seconds, Trial Making Test part A
and B, Token test, Word phonemic fluency, Abstract
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reasoning, Cognitive estimation, Overlapping figure,
Spontaneous drawing, Copy drawing, Clock draw-
ing and Ideative/ideomotor praxis tests). The ENB-
2 allows us to investigate several cognitive abilities:
attention (TmtA, TmtB), memory (digit span, logic
story-immediate recall, logic story-delayed recall,
interference memory at 10- and 30-second tests),
executive functioning (TmtB, cognitive estimation,
abstract reasoning, phonemic fluency, clock drawing,
overlapping figures), perception (spontaneous draw-
ing, copy drawing), praxis abilities (ideative and ide-
omotor praxis test) and comprehension (token test).
The battery provides a score for each cognitive test
and a total score too, called the Global Cognitive In-
dex. Age (15-20, 21-30 years) and education (lasting
less than 9 years and at least 9 years) are the two crite-
ria used to identify subgroups of individuals and their
respective normative scores. The 5" percentile was
used to determine cut-off scores for each subgroup;
according to the cut-off score, performance is classi-
fied as belonging to one of the three categories: below
average, borderline and above average. The battery
shows good psychometric characteristics, revealing
good differential validity in discriminating normative
and clinical groups and sufficient test-retest reliability
[42].

2.5. Data analysis

Data were analysed using the IBM Statistical
Package for the Social Sciences (SPSS) 21.0. Quali-
tative analysis was carried out using descriptive sta-
tistics, while for the quantitative analysis, due to the
small number of subjects, non-parametric tests were
applied (Pearson’s chi square test).

3. Results

Inpatients were 53.7% males (N=22) and 46.3.%
(N=19) females; the mean age was 20.9 years (+ 2.2).
10 years (+ 1.8) was the average duration of school at-
tendance in this group; moreover, 80.5% had repeated
at least one grade at school and, more interestingly,
73.2% had dropped out of school before conclud-
ing compulsory education. A majority of participants
were unemployed (63.4%) and were relying on illegal
activities to provide their main economic support, of-
ten incurring legal injunctions. One or both parents of
many young inpatients (48.8 %) had themselves been
affected by a past or current Substance Use Disorder,
besides which 38.5% had been exposed to alcohol
or drugs when still in the womb. In addition, as re-
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Table 1. Percentages of patients with neuropsychological deficits
Cognitive domain Drug addicts Non-drug Chi squared %egltared
Test Limit | Impaired Altered Limit Impaired Altered 2 p
% (N) 9% (N) % (N) % (N) % (N) % (N) X
Attention
TMT-A - 22 (9) 22 (9) - - - 6.831| .000
TMT-B 2.4 (1) 53.7 (22)| 56.1(23) - 11.33)| 11.3(3) 13.951| .000
Memory
Digit span - 4.9 (2) 4.9 (2) - 148 (4)| 148 4)
Immediate recall 9.8 (4) 36.6 (15)| 46.3 (19) 3.7 (1) 33.3(9)| 37.0 (10)
Delayed recall 4.9 (2) 26.8 (11)| 31.7 (13) 11.1 (3) 22.2(6)| 33.3(9)
Ilrgserference Memory: 155 0 (9) 122(5)| 34.1(14)| |18.5(5) 222 (6)| 40.7(11)
gg:rference MEMmOry 1 122 (5) 122(5)| 244(10)| |11.1(3) 1.1 (3)| 222(6)
Comprehension
Token test - 7.3(3) 73 (2) - - -
Executive Function
TMT-B 2.4 (1) 53.7 (22)| 56.1(23) - 11.3(3)| 11.3(3) 13.951| .000
Cognitive estimation | 22.0 (9) 19.5(8)| 41.5(17) 33.3(9) 18.5(5)| 48.1(13)
Abstract reasoning 12.2 (5) 9.8(4)| 22.0(09 11.1 (3) 3.7(1)|] 14.8(4)
Phonemic fluency test | 9.8 (4) 14.6 (6)| 24.4 (10) 11.1 (3) 29.6 (8)| 40.7 (11)
Clock Drawing test 7.3 (3) 29.3 (12)| 36.6 (15) 7.4 (2) 37(1)] 11.1(3) 5.428| .025
Overlapping figures 49 (2) 9.8 (4) 14.6 (6) - - -
Perception
Spontaneous drawing - 2.4 (1) 2.4 (1) 7.4 (2) 3.7(1) 11.1 (3)
Copy drawing 2.4 (1) 22.0(9)| 24.4(10) 3.7(1) 742) 11.1(3)
Praxis Ability
Ideomotor praxis - 2.4 (1) 2.4(1) - - -
Global Index 9.8 (4) 46.3 (19)| 56.1 (23) - 18.5(5)| 18.5(5) 9.491, .003
Note: altered comprehension limit and impaired performance.

gards the childrearing environment in which they had
grown up, a high percentage (53.7%) had experienced
maltreatment, including sexual or physical abuse dur-
ing childhood and/or adolescence.

The group of young non-addicts included 37%
males (N=10) and 63% females (N=17), whose mean
age was 19.44 (£1.9). As regards education, the mean
duration of school attendance was 10.44 years (+1.2)
at the time of assessment, with 66.7% of individuals
who had not yet completed compulsory education, re-
porting middle school as their final educational level.

The neuropsychological performance of partici-
pants on the ENB-2 battery was codified into 3 cat-
egories (below average, borderline and average); in
addition, a fourth, ‘altered’ category was computed,
to include subjects whose performance was at the
limit or definitely impaired.

As reported in Table 1, results showed that 56%
of drug-dependent patients had an impaired global
cognitive profile at ENB-2, considering both those

whose Global Cognitive Index reached the limits of
expected levels and those who had fully impaired
neuropsychological functioning. Observing the per-
formance on the single tasks included in the battery,
a high percentage of young inpatients showed an
impaired performance in carrying out the following
tasks: Tmt-B (56%), memory task Logical Story —
Immediate Recall (46.3%), Cognitive Estimation Test
(41.5%) and, even if to a lesser extent, the task called
Clock Drawing (36.6%), Interference memory at 10
seconds (34.1%) and Logical Story — Delayed Recall
(31.7%).

From a qualitative perspective, the neuropsy-
chological performance of the majority of individuals
in the comparison group (81.5%) fell into the norma-
tive range for age and education. Nevertheless, some
cognitive tasks showed quite high rates of individuals
who gave an altered performance, namely in carry-
ing out the Cognitive Estimation (48.1%), Phonemic
Fluency and Interference Memory tests in 10 seconds



(40.7%).

Pearson’s chi square test reported a statisti-
cally significant difference between the two groups
for Tmt-A (x* = 6.831, p =.000), Tmt-B (x*= 13.951,
p=.000), Clock Drawing Test (x>=5.428, p=.025) and
Global Cognitive Index (x*=9.491, p=.003); these re-
sults were confirmed by the Bonferroni post-hoc test
(p=.05/4=.012) for all tasks except for Clock Drawing
Test. Data indicated that a higher percentage of youth
with drug-addiction problems had an impaired global
cognitive profile than their peers without SUDs. In
particular, drug addicts showed a higher level of dif-
ficulty in the attention (Tmt-A, Tmt-B) and executive
functions, specifically the attentive (Tmt-B) domain.

4. Discussion and conclusions

This preliminary study has been designed as a
contribution to the knowledge of drug addiction in
young adulthood, in particular, to a better understand-
ing of neuropsychological functioning in inpatients
aged 18-24.

Our examination of participants’ neuropsycho-
logical functioning highlighted the fact that a high
proportion of young drug-dependent individuals, who
were mainly heroin-addicted, showed an impaired
cognitive profile, to a greater extent than their peers in
the comparison group. From a focal perspective, neu-
ropsychological impairments occurred mainly at the
expense of attention and executive functions assessed
with Tmt-A and Tmt-B. The latter is widely used as
a measure of cognitive flexibility; it provides infor-
mation about the speed of processing and executive
functioning, as well as complex, divided and selected
attention [3]. Results are in line with the empirical
evidence presented above, which recognizes an asso-
ciation between cognitive deficits and the misuse of
several different drugs [e.g. 14, 18, 44, 54, 63], even
if empirical evidence on young opioid users is very
limited, particularly in the Italian context.

Given the absence of a perspective design, no as-
sumptions should be made about the origins of these
deficits, which may either be subsequent to substance
abuse or pre-existing it, or be related to other previous
clinical/risk conditions, such as Attention Deficit Hy-
peractivity Disorder (ADHD) and intrauterine drug
exposure, [21, 32, 40, 53]. It is noteworthy that a con-
siderable number of young people in the comparison
sample showed an altered level of performance in a
few tasks, namely the Cognitive Estimation test (de-
signed to assess the capacity to answer a question for
which relevant knowledge, but not the specific answer,

Farolin et al.: Neuropsychological deficits in young drug addicts

is available) and Phonemic Fluency (a task involving
vocabulary size, lexical access speed, updating, and
inhibition ability) as regards executive function, and
Immediate Recall and Interference memory at 10 sec-
onds as regards memory abilities. These data could be
explained by considering in greater depth other vari-
ables, such as socioeconomic status, rearing environ-
ment and traumatic experiences, which are capable of
compromising optimal cognitive functioning, [6, 16,
19, 26, 39, 47], besides individual and sociorelational
adjustment [13, 23, 12, 56]. Moreover, other methods
of drug testing would provide more reliable informa-
tion about drug use than self-reported answers [37].

Intact cognitive abilities, in particular executive
functions, are crucial for a goal-directed and con-
trolled behaviour that underpins individual adjust-
ment. In the case of drug addiction, growing evidence
indicates that cognitive impairments may negatively
affect treatment [48], and may be long-lasting. Even
after long-term recovery, the cessation of drug use is
unable to fully restore cognitive functioning [54, 27;
58], and impairments are detected even after years of
abstinence from opioids [7, 18]. Thus, restoring and
potentiating these abilities in drug addicts, especially
if they are young, emerges as a priority. In fact, devel-
opmental neuroscience reports that the brain develop-
mental changes are not fully completed until reach-
ing the age of approximately 25 years, in particular
in the prefrontal cortex areas, so offering a window
of intervention opportunity [62, 2]. Thus, neuropsy-
chological rehabilitation may be considered as an
additional treatment to traditional protocols (based
on educational and psychotherapeutic interventions)
provided to young drug addicts, who would then be
placed in the position to fully benefit from standard
programmes. This might help in counteracting the
present worrying levels of treatment dropout and
poor outcome [8]. Unfortunately, despite the recog-
nition of their importance, cognitive abilities play a
peripheral role in clinical practice and, to date, only
a few studies have been made available on the idea-
tion and implementation of treatment programmes
that address the issue of cognitive impairments in the
population of drug addicts, which now call for further
research [18].

The preliminary nature of the research and the
small size of its samples are the main limitations of
the study, imposing caution in drawing conclusions.
The high degree of specificity of the clinical sample
— made up of young adults whose SUDs was severe
enough to require inpatient treatment — can be con-
sidered both as a source of strength and as a limita-
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tion of the study. Moreover, as mentioned earlier, the
study does not allow any speculation about temporal
sequencing and causality between drug misuse and
neuropsychological phenomena.
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